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A 12-week feeding trial was conducted to evaluate the effect of different ratios of fish meal 28 
(FM): cotton seed meal (CSM) without or with inclusion of exogenous protease in diets on 29 
growth performance, hematology, digestibility and selected gene expression markers (GH and I 30 
(IGF-I) of juvenile Nile tilapia. The experimental diets were categorized into three groups; the first 31 
group CSM1 which contained fish meal protein: cotton seed meal protein (FM: CSM = 2:1), the second 32 
group CSM2 which contained FM: CSM = 1:1 and the third one CSM3 contained FM: CSM = 1:2 on 33 
protein content based. All groups were supplemented with exogenous protease at 0 and 2500 U kg-1 34 
diet, respectively. All diets were fed to fish (initial body weight 11.62 ± 0.03 g fish-1) in triplicate 35 
aquaria twice daily. The higher weight gain (WG), protein efficiency ratio (PER) and best feed 36 
conversion ratio (FCR) were recorded by fish fed CSM1 and CSM2 and supplemented with 2500 37 
U protease/ kg diet. The highest apparent digestibility coefficient of crude protein, crude lipid 38 
and digestible energy, and apparent availability coefficient of essential amino acids were 39 
obtained by fish receiving CSM1 and CSM2 supplemented with protease (2500 U protease kg-1 40 
diet). The highest mean values of Hb, Htc and RBCs were recorded in fish fed CSM1 and CSM2 41 
supplemented with protease enzyme (2500 U protease kg-1 diet).  Serum of alanine and aspartate 42 
aminotransferase activities were improved due to dietary protease (2500 U protease kg-1 diet) 43 
supplementation, also, fish received the diets supplemented with protease 2500 U kg-1 diet 44 
generally had higher total protein, albumin, calcium and phosphorus than those fed diets without 45 
supplement. The highest growth hormone (GH) gene expression in brain and liver of tilapia were 46 
obtained in the group fed CSM3 and un-supplemented with protease enzyme followed by CSM2 47 
(un-supplemented). On the other hand, tilapia fed CSM1 and CSM2 supplemented with protease 48 
enzyme showed the highest values of gene expression of insulin like growth factor I (IGF-I) in 49 
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brain and liver of tilapia compared to other groups. Results above showed that supplementation 50 
of protease can improve growth, nutrient assimilation, and hematology and alter gene expression 51 
of GH and IGF-I of Nile tilapia. 52 
Keywords: Nile tilapia (Oreochromis niloticus), Cotton seed meal, Growth, hematology, 53 
Digestibility, Gene expression, GH, insulin like growth factor I (IGF-I) 54 
1. Introduction 55 
In view of the rapid rise in aquatic animal production (fish and shrimp) there is a global 56 
search for cheaper and nutritionally balanced ingredients for the manufacture of commercial 57 
diets to meet this growing demand for the aquaculture industry (FAO, 2016). Traditionally fish 58 
meal has been included in feeds for many species but the quest for sustainable nutrient dense 59 
ingredients is high on the agenda, avoiding the ecological limits of forage fish destined for fed 60 
aquaculture species (Froehlich, 2018). Plant proteins might thus be considered as the most viable 61 
alternative in this respect for economic fish production in most of the developing countries (Kumar et 62 
al., 2011a; Kader et al., 2012; Hassaan et al., 2018). In this manner, it has become an inevitable 63 
trend of replacing fish meal with less expensive and locally available plant protein sources 64 
(Hassaan et al., 2017; Hassaan et al., 2018). Cotton seed meal (CSM) has been investigated as a 65 
potential alternative ingredient to both fish meal and soybean meal due to its cheaper cost, being 66 
readily available in some countries, particularly in the USA, China, India and Egypt, although 67 
the protein content can be variable (23–53%) depending on how this product is processed 68 
(Mbahinzireki et al., 2001; Yue and Zhou 2008). Also, CSM inclusion has been studied in 69 
numerous fish species, Sarotherodon mossambicus (Jackson et al., 1982), Oreochromis niloticus 70 
(Yue and Zhou 2008), Ictalurus punctatus (Robinson and Tiersch 1995), and Oncorhynchus 71 
mykiss (Lee et al., 2006). These studies showed positive results at low inclusion levels, but more 72 
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usually growth reduction at high inclusion levels. Among the factors which limit incorporation of 73 
CSM into aquafeeds are amino-acid imbalance, digestibility and presence of anti-nutritional 74 
factors (ANFs) such as gossypol which impair utilization of nutrients resulting in reduced 75 
growth, nutrient utilization and feed efficiency (Francis et al., 2001; Li and Robinson 2006). To 76 
expand the use of plant-based protein for fish, it is essential to develop adequate processing 77 
technologies for plant feed ingredients in order to sufficiently remove or degrade these ANFs. 78 
There are a variety of techniques available to exclude ANFs from plant feedstuffs including 79 
soaking, dehulling, solid state fermentation and germination (Elmaki et al., 1999; Alonso et al., 80 
2000; Idris et al., 2006; Hassan et al., 2018;). However, the use of natural bioactive agents and 81 
exogenous enzymes is gaining much attention as reported by Hlophe-Ginindza et al. 2016. The 82 
addition of such exogenous enzymes in fish diets containing high inclusion of plant protein can 83 
specifically degrade certain ANF’s thus greatly enhancing the nutritional value of plant-based 84 
protein ingredients in practice (Dalsgaard et al., 2012). Furthermore, exogenous enzymes can allow 85 
flexibility in formulated feed through incorporation of lower quality and less expensive plant 86 
ingredients (Adeoye et al., 2016 a, Adeoye et al., 2016 b). In addition, exogenous enzymes may alter 87 
substrate availability for specific populations of gut microbes, which enhances digestion of nutrients 88 
and synthesis of nutrient substances that the fish need for gut integrity and growth (Jiang et al., 2014). 89 
Except for phytase, there are a few studies on the use of exogenous enzymes in fish feeds. Lin et 90 
al. (2007) reported that supplementation with a commercial enzyme complex (neutral protease, 91 
β-glucanase and xylanase) significantly improved the growth performance and feed utilization of 92 
juvenile hybrid tilapia Oreochromis niloticus × O. aureus. Drew et al. (2005) observed an increase 93 
in the apparent nutrient digestibility and an improvement in the feed efficiency when supplementing a 94 
commercial protease to a rainbow trout (Oncorhynchus mykiss) diet containing a mixture of rapeseed 95 
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and pea meals. The use of a multi-enzyme complex such as Natuzyme50® may be beneficial in 96 
improving the digestibility of Kikuyu leaf meal -based diets (Hlophe and Moyo 2014). More recently, a 97 
specific enzyme, exogenous protease, was suggested to be added to the feed to raise efficiency, aimed 98 
to improve the dietary protein utilization of Gibel carp (Liu et al., 2018). Consequently, there is a 99 
need for further studies to establish the benefits of dietary enzyme supplementation for in vivo 100 
processing of plant ingredients such as CSM into value added products for fish. Such nutritional 101 
investigations can be aided by a better understanding of the underlying physiological and 102 
metabolic responses of fish to dietary modulation using more advanced techniques such as nutri-103 
genomics.  104 
Recently, new progresses in nutrition study have allowed for the integration of nutrition and 105 
genomics analysis through the nutrigenomics approach, which has added to the understanding of 106 
the impact of component of diet on gene expression (qRT-PCR) (Mutch et al., 2005). Further 107 
advances have been made with respect to the proteome and metabolomic profile in fish to 108 
substantiate the effects of nutrition on protein biosynthesis and metabolic changes. Furthermore, 109 
their main mode of action is to stimulate growth, and, though IGFs share this ability with other 110 
growth factors such as epidermal growth factor, platelet-derived growth factor, and nerve growth 111 
factor IGFs differ from these substances in that they are quite unique in exhibiting endocrine 112 
actions in higher vertebrates including the teleost. For example, nutrigenomics studies in cultured 113 
fish have addressed the partial replacement of fish meal with plant protein in the diet. These 114 
studies have concluded that the growth rates of fish are mediated by the growth hormone 115 
(GH)/insulin-like growth factor (IGF) axis (Company et al., 2001; Pérez-Sánchez et al., 2002) as 116 
well as the dietary protein sources may be affected the expression of GH-and IGF-1- encoding 117 
genes (Kumar et al., 2011b). It has been suggested that both energy and protein as well as amino 118 
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acid availability are required for maintenance of IGF-I. Serum IGF-I may also serve as a marker 119 
for evaluation of nutritional status in humans as shown by several animal models (Ketelslegers et 120 
al., 1994). However, changes in the expression of growth-related genes due to replacement of 121 
fish meal with cotton seed meal with exogenous protease in tilapia have not been studied before.   122 
Sustainable and balanced dietary formulations are essential and dependence on optimizing the 123 
use of raw materials such as plant ingredients is critical to successful future production. 124 
Therefore, the aim of the present study was to investigate the effects of a protease exogenous 125 
enzyme supplement on the response of O. niloticus fed CSM as a partial protein concentrate 126 
substitute for fish meal in a series of experimental diets under controlled laboratory conditions. 127 
The main objectives were to record growth and feed utilization efficiency including digestibility, 128 
and specific hematological parameters. Gene expression for growth hormone and insulin like 129 
growth factor I (IGF-I) in liver and brain of tilapia was targeted to confirm any longer terms 130 
metabolic responses to dietary influences on growth and development.   131 
2. Materials and methods 132 
2.1. Diets and experimental design 133 
Six isonitrogenous (29.50 % crude protein) and isocaloric (18.76 MJ kg-1 gross energy) 134 
experimental diets were formulated and the proximate chemical composition of the experimental 135 
diets is presented in Table (1). The first group CSM1 which contained fish meal protein: cotton seed 136 
meal protein (FM: CSM = 2:1), the second group CSM2 which contained FM: CSM = 1:1 and the 137 
third one CSM3 contained FM: CSM = 1:2 on protein content based. All groups were supplemented 138 
with exogenous enzyme (protease) at 0 and 0.5 g kg-1 diet. The protease (5000 Ug-1 product, supplied 139 
by Huvepharma, Antwerp, Belgium) was added to the basal diet to provide two concentrations of 0 140 
(0.00 g kg1) and 2500 (50 mg kg-1) U protease kg-1 diet. Activity of protease was assayed according 141 
7 
 
to the method from the Committee on Food Chemicals Codex (1996). One protease unit was the 142 
amount of enzyme that releases 1.0 μ g of phenolic compound, expressed as tyrosine equivalents, 143 
from a casein substrate per minute at pH 7.5 and 40 °C. The analyzed activity of protease was 144 
4395 U g-1. All dry ingredients i.e. fishmeal, cotton seed meal, soybean meal, yellow corn and wheat 145 
bran were blended for 5 mins and thoroughly mixed with soybean oil. Also, each of the diets 146 
contained 5 g kg-1 chromic oxide (Cr2O3) as a marker for nutrient digestibility measurements. The 147 
ingredients were mixed well and made into dry pellets using a laboratory pellet mill (California Pellet 148 
Mill, San Francisco, CA, USA) and air dried at 37 °C overnight. The pellets (2-mm die) were 149 
subsequently stored at -20 °C until subsequent use. 150 
2.2. Determination of gossypol in cotton seed meal 151 
Free gossypol concentration in the experimental diets was determined by high-performance liquid 152 
chromatography (HPLC). Extraction of free gossypol by acetone was performed after hydrolysis 153 
with hydrochloric acid, followed by separation of the pure compound, as assayed by HPLC 154 
according to the method of Luo et al. (2006).  155 
2.3. Exogenous protease activity in the experimental diets  156 
          The activity of exogenous enzymes was estimated according to the method described Shi et 157 
al. (2016). In brief, 2 g of diets of CSM1, CSM2 and CSM3 were mixed with 0.5 g of fish meal, 158 
respectively. Each group after mixed was incubated with buffer solution (Na2B4O7· (H2O)10-159 
H2BO3, pH 8.5) containing penicillin and streptomycin (200 U ml−1) for 2 h at a temperature of 160 
35 °C. Total free amino acid was analyzed comparing with the ammonium sulphate (the standard 161 
solution) standard curve using a spectrophotometer at OD 570 nm. The amount of free amino 162 
acid hydrolyzed by the exogenous protease in the diets of CSM1, CSM2 and CSM3 (with or 163 
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without protease supplementation) and occurred naturally in fish meal were compared. The 164 
difference of free amino acid content between diet (with or without protease supplementation) 165 
was shown. The exogenous protease activity in original products was 87.9% activity. 166 
2.4. Fish and experimental conditions 167 
Nile tilapia, O. niloticus fingerlings (approximately 11-11.5 g) from a private farm (Kafer El-168 
sheekh Governorate, Egypt), were transferred to the Fish Nutrition Laboratory, Faculty of 169 
Agriculture, Benha University, and kept in two 450 L- capacity tanks for prior acclimatization. Fish 170 
were fed daily on the basal diet (30 % crude protein and 18.90 MJ kg-1 gross energy). After an 171 
acclimatization period of 15 days, 216 fish were randomly distributed into six groups with three 172 
replicates, each replicate contained 12 fish (avg. wt. 11.60 ± 0.72 g) in an aquarium (100 L capacity). 173 
Fresh water was supplied to each aquarium housed within an artificially illuminated room with a 174 
photoperiod of 12 h light: 12 h dark regime. All aquaria were supplied with compressed air for 175 
oxygen requirements throughout the experimental period. Six groups of experimental fish were fed 176 
close to apparent satiation twice per day at 09:00 and 14:00 h. Total fish weight in each aquarium 177 
estimated every 2 weeks to check their growth. About one-third of water volume in each aquarium 178 
was replaced daily by fresh water after removing the accumulated feces by siphoning. Water quality 179 
was measured throughout the experiment for all essential parameters. During the 84 days of feeding 180 
trial, the water-quality parameters averaged as follows: water temperature ranged from 27.85 to 181 
29.33°C: dissolved oxy-gen, ranged between 5.56 and 6.65 mg L-1: water total ammonia ranged from 182 
0.16 to 0.2 mg L-1: and pH, ranged between 8.04 and 8.30. It noticed that, the reported water quality 183 
parameters in this study were within the normal ranges for fish growth (Boyd, 1990).  184 
2.5. Growth performance and feed utilization indices 185 
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During the feeding period, the fish per aquarium were counted, weighed and measured for body 186 
weight individually every two weeks. The following measurements and equations were applied to 187 
fish to indicate the growth performance and feed utilization criteria.  188 
Weight gain (WG) = Final body weight (FBW g) - Initial body weight (IBW g); Specific 189 
growth rate (SGR) = (ln FBW - ln IBW)/t ×100, Where: ln is natural logarithmic of FBW and 190 
IBW; t = time in days; Feed conversion ratio (FCR) = Feed intake (g)/weight gain (g); Protein 191 
efficiency ratio (PER) = weight gain (g)/protein intake (g). 192 
2.6. Digestibility measurements 193 
The apparent digestibility coefficients (ADCs) and amino acids apparent availability of 194 
different experimental diets were determined using chromic oxide (Cr2O3) as an external marker 195 
at a level of 0.5% within the diet. After a two-month feeding period for the experimental diets, 196 
feces were collected from each aquarium once daily prior to feeding for a one-month period. The 197 
collection was done manually by siphoning the faecal matter and straining through a fine-meshed 198 
net (Baruah et al., 2007). Faecal matter collected was pooled in each aquarium and subsequently 199 
dried in a hot air oven at 60 °C. Dried feces were digested in a mixture of perchloric acid and 200 
nitric acid mixture (2:1) at 250 °C, according to the method described by Zhou et al. (2004). 201 
After appropriate dilution chromic oxide was determined according to the procedure described 202 
by Furukawa and Tsukahara (1966). The following equation determined the ADCs and amino 203 
acids apparent availability of the experimental diets: ADCs = [100- (Cr2O3 % in diet / Cr2O3 % in 204 





2.7. Chemical composition and amino acid 208 
Proximate chemical analyses were made for the experimental diets and samples of fish (five 209 
fish in each replicate) at end of the experiment according to standard methods AOAC, (1990) for 210 
dry matter, crude protein, ether extract, crude fiber and ash. Dry matter was determined by oven 211 
drying at 105 °C until a constant weight was achieved. Crude protein (N × 6.25) was determined 212 
using the Kjeldahl method after acid digestion using an Auto Kjeldahl System (UDK 126 D, 213 
Italy). Crude lipid was determined by the ether-extraction method using a Soxtec System HT 214 
(Soxtec System HT6, Tecator) with diethyl ether (40–60 °C). The ash content was estimated 215 
after incineration the samples in a muffle furnace at 550 °C for 24 h. Fiber content of the 216 
experimental diets was determined using the method described by Van Soest et al. (1991). 217 
Nitrogen-free extract (NFE) was computed by taking the sum of values for crude protein, crude 218 
lipid, crude fiber and ash and by subtracting this sum from 100. The samples of diets and fecal 219 
for amino acid analysis were ground following by digestion using 10 mL 6N HCl solution at 110 220 
°C for 24 h. Amino acids were separated using high performance liquid chromatography (HPLC; 221 
Shimadzu Corp., Tokyo, Japan) following the method showed by Kader et al. (2010). The 222 
hydrolyzed amino acids composition of the experimental diets was showed in Table 2.  223 
2.8. Hematological and blood chemistry parameters 224 
At the end of the experiment, blood samples (five fish in each replicate) were collected from the 225 
caudal vein of all treatments from anaesthetized fish with overdose of tricaine methanesulfonate 226 
(MS-222; 1 g L-1). Blood samples were divided into two portions. The first portion was collected 227 
with anticoagulant 10% ethylenediaminetetraacetate (EDTA) to determine the hematocrit (Htc), 228 
hemoglobin (Hb), erythrocyte counts (RBCs) and total count of white blood cells (WBCs) 229 
according to standard methods as described elsewhere by Rawling et al. (2009). The second 230 
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portion of the blood sample was allowed to clot overnight at 4°C and then was centrifuged at 3000 231 
rpm for 10 min. The non-hemolysed serum was collected and stored at -20°C until use.  Levels of 232 
serum aspartate aminotransferase (AST), alanine aminotransferase (ALT) were determined 233 
according to the method described by Reitman and Frankel (1957) and serum creatinine was 234 
measured by the calorimetric method and enzymatic determination methods as described by Henry 235 
et al. (1974). Total serum protein and albumin were determined according to Henry (1964) and 236 
Wotton and Freeman (1974), respectively. However, the total serum globulin was calculated by 237 
subtracting the total serum albumin from the total serum protein according to Coles (1974). Serum 238 
phosphorus and calcium were measured spectrophotometrically using commercial kits produced by 239 
Pasteur labs (Egyptian American Co. for Laboratory Services, Egypt). 240 
2.9. Gene expression analysis 241 
2.9.1. RNA extraction 242 
Total RNA was isolated from liver and pituitary samples (three fish in each replicate) using a 243 
Promega RNA Isolation Kit (Cat No. Z3100, USA) according to the manufacturer’s instructions. 244 
The quantity of the RNA was assessed using a Nano-Drop spectrophotometer (NANODROP 245 
1000, Thermo Scientific, USA). The integrity (quality) was checked by denaturing gel 246 
electrophoresis (1% agarose gel) and the purity by measuring the OD260/OD280 absorption ratio 247 
(>1.95). 248 
2.9.2. First strand cDNA synthesis 249 
cDNA was generated from 1 μg of total RNA using High Capacity cDNA (Thermo Fisher 250 
Scientific, Cat. No .436, 8814) reverse transcriptase kit for reverse transcriptase polymerase 251 
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chain reaction (RT-PCR) following the manufacturer’s protocol. The product of the first strand 252 
cDNA synthesis was stored at −80°C until the quantitative RT-PCR (qRT-PCR) runs. 253 
2.9.3. Real-time quantitative RT-PCR 254 
The primers employed for the quantification of the desired genes were purchased from 255 
Invitrogen, Germany. The primer sequences and calculated efficiency are enlisted in Table 3. 256 
Triplicate qPCR reactions were performed on an AriaMx Real-Time PCR System (Agilent 257 
technologies). Reactions containing 5 μl of 5 × diluted cDNA, 10 pmol each of forward and 258 
reverse primers, 0.4 μl ROX dye solution (1:500 dilution) and 10 μl SYBR Green PCR 259 
MasterMix (Maxima SYBR Green qPCR, Thermo Fisher Scientific, Cat. No # k0251) were 260 
performed in a four-step experimental run protocol: a denaturation program (10 min at 95 °C); an 261 
amplification and quantification program repeated 40 times (30 s at 95 °C, 50 s at 55°C and 40 s 262 
at 72°C); a melting curve program (55–95°C with a heating rate of 0.10°C/s and a continuous 263 
fluorescence measurement) and finally a cooling step. Melt curve analyses of the target genes 264 
and reference genes resulted in single products with specific melting temperatures. In addition, 265 
“no-template” controls (i.e. with water sample) for each set of genes were also run to ensure no 266 
contamination of reagents, no primer–dimer formation. Moreover, 18S rRNA gene was used as 267 
an internal standard. The relative mRNA expression levels were calculated by a standard curve 268 
method. The expression levels of genes were normalized to the levels of 18S rRNA gene in the 269 
same sample. Standard curves were generated by serial dilution of a random mixture of control 270 
samples. 271 
2.10. Statistical analysis 272 
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All data were analyzed by using the software SAS, version 6.03 (Statistical Analysis System 273 
1996). One-way analysis of variance (One-way ANOVA) was used to determine whether 274 
significant variation existed between the treatments. When overall differences were found, 275 
differences between means were tested by Tukey's HSD test. Two-way ANOVA was used for 276 
analyzing the individual effects of FM: CSM ratios and protease level and the interaction between 277 
them. All differences were considered significant at P<0.05 and the results are presented as 278 
means with pooled standard error of the mean (Pooled S.E.M). 279 
3. Results 280 
3.1. Relative rate of exogenous protease activity  281 
Relative activity of exogenous protease of CSM1, CSM2 and CSM3 diets were 70.45%, 282 
68.03% and 67.99%, respectively, when compared with the activity of protease in original 283 
product (87.9%) (Table 4). 284 
3.2. Growth performance  285 
Body weight gains (g) of tilapia are shown in Figure 1 as affected by different ratios of FM: CSM; 2:1, 286 
2:2 and 1:2 and exogenous protease levels 0 or 2500 U kg-1 and their interaction. Mean bi-weekly body 287 
mass gain revealed that fourth week onwards; there was differential growth among the treatments, and the 288 
lower body mass gain was observed in fish fed CSM3 without protease. The effects of FM: CSM 289 
ratios, protease and their interaction on the growth performance and feed utilization for treated 290 
groups are presented in Table 5. All indices of growth and feed utilization were significantly 291 
affected by FM: CSM ratios, protease and their interaction, except FI (P = 0.288, P = 0.097 and P 292 
= 0.790, respectively). Although, there was a significant interaction between FM:CSM ratio and 293 
protease, fish fed the diets supplemented with protease 2500 U kg-1 diet generally had greater 294 
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WG, FCR and PER than those fed the basal diets; growth performance and feed utilization 295 
generally decreased with decreasing FM:CSM ratios. The highest WG, FCR and PER were 296 
recorded by fish fed CSM1 and CSM2 and supplemented with 2500 U protease kg-1 diet. 297 
3.3. Apparent digestibility coefficient 298 
Results of the apparent digestibility coefficient (ADCs) of dry matter, protein lipid and digestible 299 
energy, are shown in Table 6. The ADCs of dry matter, crude protein, crude lipid and digestible 300 
energy (DE) were significantly affected by FM: CSM ratios, protease and their interaction. 301 
Generally, ADC of dry matter (P = 0.001), crude protein (P = 0.017), crude lipid (P = 0.021) and 302 
digestible energy (P = 0.013) were improved in fish fed diet supplemented with 2500 U protease 303 
kg-1 diet compared with un-supplemented diet. The highest ADC of dry matter crude protein, 304 
crude lipid and digestible energy was obtained by fish fed CSM1 and CSM2 supplemented with 305 
protease (2500 U protease kg-1 diet).  306 
3.4. Amino acids apparent availability  307 
The effects of protease enzyme, different ratios of FM: CSM and their interaction on the 308 
essential amino acid apparent availability of Nile tilapia are shown in Table 7. Apparent 309 
availability of essential amino acids was significantly (P < 0.05) affected by dietary different 310 
ratio of FM:CSM, supplementation with exogenous protease and their interaction. Although 311 
there was a significant interaction between FM:CSM ratio and protease, fish fed the diets 312 
supplemented with protease 2500 U kg-1 diet generally had greater of apparent availability of 313 
essential amino acids than those fed the basal diets. The highest apparent availability of essential 314 




3.5. Chemical composition  317 
Data of the proximate chemical composition of whole fish are presented in Table 8. No 318 
significant differences due to FM: CSM ratios, protease and their interaction were observed for 319 
all indices of chemical composition, except crude protein (P = 0.035). The lowest content of 320 
crude protein was recorded by fish fed CSM2 without supplemented exogenous protease. Both 321 
CSM1 groups without and with supplemental protease had significantly higher crude protein than 322 
other groups.    323 
3.6. Hematology indices  324 
The effects of protease enzyme, different ratios of FM: CSM and their interaction on the 325 
hematology parameters of Nile tilapia are shown in Table 9.  With exception of WBC (P = 326 
0.781; P = 0.051; P = 0.072), FM:CSM ratios, exogenous protease and their interaction had 327 
significant effect on Hb, Htc and RBCs of Nile tilapia.  Hb (P = 0.026), Htc (P = 0.041) and 328 
RBCs (P =0.049) values were significantly higher in fish fed diet supplemented with exogenous 329 
protease 2500 U kg-1 diet in comparison with the other diet without supplemented.   330 
3.7. Blood biochemistry  331 
The effects of FM: CSM ratios, exogenous protease and their interaction on serum of ALT, 332 
AST activities, total protein, albumin, globulin, calcium and phosphorus for Nile tilapia are 333 
presented in Table 10. With exception, globulin (P = 0.121; P = 0.321; P = 0.221), FM: CSM 334 
ratios, exogenous protease and their interaction had significant effect on serum of ALT, AST, total 335 
protein, albumin, calcium and phosphorus of Nile tilapia. Although there was a significant 336 
interaction between FM:CSM ratio and protease, fish received diets supplemented with protease 337 
2500 U kg-1 diet generally had lower ALT, AST and higher total protein, albumin, calcium and 338 
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phosphorus than those fed the basal diets (without supplemented). The best ALT, AST, total 339 
protein, albumin, calcium and phosphorus were recorded by fish fed CSM1 and CSM2 340 
supplemented with 2500 U protease kg-1 diet. 341 
3.8. Gene expression 342 
Table 11, Figure 2 and 3 illustrated gene expression of growth hormone (GH) in brain and 343 
liver of tilapia as influenced by different ratios of FM: CSM and exogenous protease levels and 344 
their interaction. Gene expression of growth hormone (GH) in brain and liver were significantly 345 
affected by different ratios of FM: CSM and exogenous protease levels and their interaction 346 
(Table 10). Relative growth hormone (GH) gene expression was significantly down-regulated in 347 
pituitary (P = 0.012) and liver (P = 0.021) of fish fed different ratios of FM: CSM supplemental 348 
with exogenous protease after 84 days (Figure 2). Furthermore, the highest GH expression in 349 
brain and liver of tilapia were observed in fish fed CSM3 without supplemental exogenous 350 
protease. Gene expression of insulin like growth factor I (IGF-I) in brain and liver of tilapia are 351 
shown in Figure 3 which was affected by different ratios of FM: CSM and exogenous protease 352 
enzyme level and their interaction. Fish fed different ratios of FM: CSM supplemented with 353 
protease enzyme showed the highest expression of IGF-I gene as compared to other treatments. 354 
4. Discussion 355 
In the present study, Nile tilapia fed different ratios of FM:CSM; CSM1, CSM2 and CSM3 and 356 
supplemented with 2500 U exogenous protease kg-1 diet yielded the highest growth performance 357 
and feed utilization compared to fish fed the similar diets with no added exogenous protease. 358 
Inclusion levels of dietary cotton seed meal (CSM) that can be used as a plant protein source for 359 
tilapia diets depend mainly on the level of free gossypol and available lysine content (El-Saidy 360 
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and Gaber, 2004). The reduction of growth performance in this study for Nile tilapia fed varying 361 
inclusion ratio of CSM, i.e. CSM1, CSM2 and CSM3 without supplemented with protease levels 362 
(Table 1) were consistent with Nile tilapia fed dietary levels of CSM at 240 g kg-1 diet (Robinson 363 
et al. 1984) and rainbow trout fed up 200 g kg diet-1 with CSM (Cheng and Hardy 2002) and 364 
these results may be attributed to the presence of  gossypol and low biological availability of 365 
lysine (Francis et al., 2001; Ofojekwu and Ejike (1984). On the contrary, there were no 366 
significant effects found in hybrid tilapia and rainbow trout with dietary levels of CSM (337.6 367 
and 588 g kg-1 diet, respectively (Yue and Zhou, 2008; Lee et al., 2006). In the present study, 368 
supplementation of protease enzyme (2500 U protease kg-1 diet) mitigated some of these 369 
negative effects. Many studies have reported that exogenous enzyme supplementation can 370 
eliminate the effect of ANFs (Hlophe-Ginindza et al., 2016; Adeoye et al., 2016) and enhance 371 
the utilization of protein and amino acids, resulting in improved growth performance of fish 372 
(Farhangi and Carter 2007; Lin et al. 2007; Baruah et al. 2007; Soltan 2009; Hussain et al. 2015). 373 
In addition, exogenous proteases may increase endogenous peptidase production, raise protease 374 
activity and subsequently improve the digestibility of dietary protein leading to fast assimilation 375 
and increased growth as well as being capable of increasing accessibility of nutrients by breaking 376 
down and disrupting layers of complex proteins in plant cell walls (Caine et al., 1998). In 377 
contrast, Dalsgaard et al. (2012) found no significant differences in growth performance of 378 
rainbow trout fed three different plant-based feedstuffs (soybean, rapeseed, sunflower) a 379 
supplemented with mixture of exogenous enzymes (β-glucanase, xylanase and protease).  380 
In this study, the highest apparent digestibility of crude protein, crude lipid and gross energy 381 
in diets were attributed to the protease supplementation with the enzyme assisting in minimizing 382 
the action of Anti-Nutritional Factors such as gossypol and releasing more protein for 383 
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assimilation. Likewise, Liu et al. (2018) showed that supplementing 400 mg kg-1 protease, to a 384 
low protein diet, could save 20 g kg-1 dietary protein, improve Apparent Digestibility 385 
Coefficients (ADC) of crude protein and crude lipid and having no harmful effects on juvenile 386 
Gibel carp (Carassius auratus gibelio) health. Similarly, Drew et al. (2005) showed that 387 
supplementation with 250 mg/kg protease to a diet containing coextruded canola and pea meal 388 
(1:1) improved ADC of protein, lipid, energy and dry matter of rainbow trout with similar 389 
supplementation enzyme levels used in the present study with tilapia. In contrast, enzyme 390 
supplementation to feed had no noticeable impact on aquatic animal production as viewed by 391 
Divakaran and Velasco (1999) and Miller et al. (2008). This may be due to exogenous enzymes 392 
being thermally degraded during feed processing such as with extrusion causing deactivation of 393 
their activities. These differences in results might be explained by diet composition, including 394 
the nutrition level and plant ingredient inclusion level and conditions of storage. 395 
The present data clarified that, no significant (P > 0.05) effect were detected among different 396 
fish groups for whole body composition, except protein content FM:CSM, exogenous protease 397 
supplementation and their interaction. This finding agrees with the study of Lin et al. (2007) who 398 
revealed that tilapia fed exogenous commercial enzyme complex (neutral protease, b-glucanase 399 
and xylanase) have displayed no significant differences in whole body moisture, protein, lipid 400 
and ash.   401 
Hematological parameters are useful for monitoring fish general health and physiological 402 
responses to stress, reducing Htc and HB of fish in one of the most common indicators of 403 
harmful effect of free gossypol (Mbahinzireki et al., 2001; Garcia-Abiado et al., 2004). In the 404 
current study, Hb, Htc, RBCs and WBCs were higher in tilapia fed different ratios of CSM1 and 405 
CSM2 and supplemented with protease enzyme (2500 U protease kg-1 diet) than counterpart diets 406 
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not supplemented with exogenous protease, which indicated that exogenous protease could 407 
inhibit the deleterious effect of free gossypol in diets (Table 6). To the best of our knowledge, 408 
there are no studies describing the effects of dietary protease supplementation on hematological 409 
parameters of fish when fed a diet containing gossypol. Although, Goda et al. (2012) found that 410 
red blood cell count, hematocrit and hemoglobin were significantly (P < 0.05) elevated in all 411 
treatments fed supplemented diets with mixtures of exogenous digestive enzymes (pepsin, papain 412 
and α-amylase). On the other hand, supplementation with a mixed enzyme cocktail had no 413 
effects on hematological parameters of Nile tilapia as reported recently by Adeoye et al. (2016a).  414 
Moreover, the measurement of AST and ALT is indicative of general systemic nutritional 415 
status as well as the integrity of the vascular system and liver function (Kumar et al., 2011a). 416 
Increased activities of serum AST and ALT in fish may reveal possible leakage of enzymes 417 
across damaged plasma membranes and/or increased synthesis of enzymes by the liver (Yang 418 
and Chen, 2003).  In a study with Gilthead sea bream (Sparus aurata) Gómez-Requeni et al. 419 
(2004) reported that dietary treatment did not alter the hepatic activity of amino acid catabolizing 420 
enzymes AST, ALT, glutamate dehydrogenase when fish meal was replaced up to 100% with a 421 
mixture of plant protein concentrates. Direct hepatic measurements of these enzymes were not 422 
performed in this study with tilapia, although plasma activities were undertaken to indirectly 423 
assess liver status.  424 
The present study with tilapia showed that the plasma activity of AST and ALT in fish fed 425 
high inclusion level of CSM without protease supplementation was higher than those fed high 426 
inclusion level of CSM and supplemented with exogenous protease. These results indicated that 427 
dietary protease could improve the metabolic processes of liver and kidney of fish when 428 
challenged with elevated plant ingredients in the diet. This is in contrast to the findings of Cai et 429 
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al. (2011) observed that dietary inclusion of CSM up to a concentration of 400 g kg-1 diet did not 430 
alter plasma levels of ALT and AST of crucian carp (Carassius auratus gibelio ♀ × Cyprinus 431 
carpio ♂). However, Liu et al. (2018) found that diets for rainbow trout containing CSM 432 
supplemented with 600 mg kg-1 protease achieved the minimum serum level of ALT and AST 433 
activities. These serum biochemical indices are usually employed to assess the nutritional and 434 
health status of fish (Hassaan et al., 2017). The increase rate of anabolic processes in fish may be 435 
due to increases in serum protein level to meet increased metabolic demands in fast growing fish, 436 
and the cyclic nature of the total serum protein is an indicator of the changes taking place in the 437 
serum globulin fraction (Helmy et al., 1974). Increases in proteinogram levels are thought to be 438 
associated with a stronger innate response in fish (Jha et al., 2007). Globulin level is very often 439 
used as an indicator of immune responses and a source of antibody production (Blazer and 440 
Wolke, 1984). In the present study, protease supplementation appeared to increase the levels of 441 
total protein, globulin and albumin in the serum of Nile tilapia fed diets with high inclusion level 442 
of CSM and supplemented with exogenous protease (Table 7).  443 
Growth hormone (GH) initiates many of its growth-promoting actions by binding to GH 444 
receptors (GHRs) and stimulating the synthesis and secretion of insulin-like growth factor-I (IGF-445 
I) from the liver (Reindl et al., 2011). Cao et al. (2009) reported that IGF-1 is an important 446 
hormone involved in the growth and development of carp. In the present study, relative growth 447 
hormone (GH) gene expression was significantly (P < 0.05) down-regulated in pituitary and liver 448 
of fish fed different ratios of FM: CSM and supplemented with exogenous protease. 449 
Furthermore, there was a negative correlation between GH gene and growth performance.  450 
The highest growth performance value was recorded by tilapia fed CSM1 and CSM2 and 451 
supplemented with 2500 U protease/ kg diet, but the expression of GH gene exhibited the 452 
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opposite trend.  This finding was also confirmed by Pierce et al. (2005) who reported that 453 
transcription of the GH gene was significantly (P < 0.05) higher during extended periods of fasting 454 
or feed restrictions for Chinook salmon (Oncorhynchus tshawytscha). In our study, tilapia received 455 
their nutritional requirements according to apparent satiation, but fish fed CSM2 and CSM3 and un-456 
supplemented with protease showed lowered feed utilization than other diets which were 457 
supplemented with exogenous protease. These diets, in turn led to elevated expression of GH in 458 
both brain and liver of fish possibly indicating a lower plane of nutrition and growth rate.  459 
In this context, GH has important functions during inferior nutritional conditions and may serve 460 
to spare protein use for energy and preferentially mobilize energy from stored lipid (Björnsson et 461 
al., 2002). Protein malnutrition not only decreases IGF-I production rate, but also enhances its 462 
serum clearance and degradation. Our results with tilapia are consistent the findings of Gómez-463 
Requeni et al. 2004 with Gilthead sea bream indicating that the activity of the GH-liver axis was 464 
affected by dietary treatment. In comparison to fish fed a 100% FM diet, these latter investigators 465 
reported increased circulating GH levels paralleled the decrease in circulating IGF-I levels. 466 
However, a limitation in our study with tilapia was the lack of information regarding the plasma 467 
level of these hormones for direct comparison.  468 
In the present study, tilapia fed different FM: CSM ratios (2:1 and 1:1) and supplemented 469 
with a protease enzyme showed the highest expression of IGF-I gene as compared to the other 470 
treatment groups. From this data, there appeared a negative correlation between GH gene 471 
expression and that of the IGF-I gene. Our results are therefore similar to those obtained by Duan, 472 
(1998) who also reported there are negative correlations between IGF-I and GH in fish and the 473 
high secretion level of GH was detected in fish during starvation to promote lipolysis. Our results 474 
are also consistent with those acquired by Gómez-Requeni et al. (2004), Dyer et al. (2004). 475 
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Gómez-Requeni et al. (2004) and with Aksnes et al. (2006) who also concluded that, rainbow 476 
trout and gilthead seabream fed diets containing 75% of plant protein mixtures replacing fish 477 
meal protein gave the highest GH gene expression in liver probably caused by lower growth 478 
rates on such diets due mainly to essential amino acid imbalance, and reduced availability of 479 
protein for effective biosynthesis and anabolic pathways. There is evidence for selective organ 480 
resistance to the growth-promoting effects of IGF-I in protein-restricted rats (Thissen et al., 481 
1994). All this revealed a state of GH-liver desensitization, a characteristic feature of catabolic 482 
states. In the fasting rat model, liver growth hormone (GH) binding is decreased, providing one 483 
explanation for decreased IGF-I (Ketelslegers et al., 1995). This may be more acute in 484 
carnivorous fish compared to species like tilapia with a better ability to assimilate such low 485 
protein diets. Gabillard et al. (2002) reported that although temperature seems to promote growth 486 
through IGF-I secretion by the liver following GH stimulation, an impairment of nutritional 487 
status would prevent the IGF-I stimulation and this may validate our findings with tilapia albeit 488 
reared at a constant 28 °C. Gómez-Requeni et al. (2004) were the first to describe simultaneous 489 
and nutritionally regulated changes in mRNA transcripts of GHR and IGF-I in fish species in 490 
their experiments with seabream; although in our study we did not attempt to explore the GH 491 
Receptor transcript for tilapia under the experimental conditions. It should be cautioned however, 492 
that gene expression data does not always imply a functionality response in terms of the generation 493 
of ‘active’ proteins synthesized during the post-translation of mRNA at the ribosomal level and 494 
where proteins are modified such as in glycosylation, phosphorylation, and methylation by 495 
enzymatic processes within the cell. It will be important to measure actual circulating hormonal 496 
and associated metabolites directly in fish for further clarification as stated previously.     497 
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However, to the authors’ knowledge, this is the first-time gene expression was measured in 498 
tilapia fed diets with different ratios of FM:CSM supplemented with exogenous protease. This 499 
requires further studies to establish the effect of exogenous digestive enzymes on tilapia gene 500 
expression that relate to growth and feed utilization as well as many other metabolic factors and to 501 
provide practical as well as scientific value to design more efficient feed formulations for tilapia 502 
and other fish species.  503 
In conclusion, this investigation has provided good evidence for the benefits associated with 504 
the addition of an exogenous enzyme (protease) in association with high plant ingredient 505 
inclusion, namely CSM as one example. This is becoming an important technology to realizing 506 
the promise of greatly enhancing the nutritional quality and value of plant by-products in 507 
practical fish diets. Indeed, exogenous enzymes are being used successfully as functional feed 508 
additives and supplements to enhance digestion and growth in fish in the commercial sector. 509 
These will need to take into account processing techniques such as extrusion technologies where 510 
the higher temperatures encountered can modify and reduce enzyme activities and effects on any 511 
beneficial bioactive components that may be thermo-labile. It is evident that further research and 512 
development is needed in these areas to fully appraise these products as viable dietary 513 
supplements for fish and especially for tilapia. 514 
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Table 1 Formulation and proximate composition of the experimental diets (g kg-1 dry matter) 
 




FM:CSM;2:1 FM:CSM;2:1+protease FM:CSM; 1:1 FM:CSM; 1:1+protease FM:CSM;1:2 FM:CSM;1:2+protease 
Fish meal 150 150 110 110 80 80
Soybean meal 300 300 300 300  300 300 
Cotton seed meal† 120 120 160 160  230 230 
Yellow corn 220 220 220 220  220 220 
Wheat bran 150 150 150 150  110 110 
soybean oil 40 40 40 40  40 40 
Vitamin &Minerals1 14.50 14.00 14.50 14  14.50 14 
Vitamin C 0.5 0.5 0.5 0.5  0.5 0.5 
Chromic oxide 5 5 5 5  5 5 
Protease - 0.5 - 0.5  - 0.5 
Proximate analysis         
Dry matter 900.10 898.10 897.00 892.90  898.90 895.60 
Crude protein 298.50 297.00 296.00 295.00  296.20 295.10 
Ether extract 75.00 72.40 70.00 67.90  72.40 73.50 
Ash 60.20 59.10 58.60 58.20  59.10 59.60 
Fiber content 51.00 49.00 50.00 51.00  52.90 52.80 
NFE2 515.30 522.50 525.40 527.90  519.40 519.00 
Gross energy (MJkg-1)3 18.85 18.84 18.77 18.71  18.76 18.78 
Free gossypol (mg kg-1) 230.16 230.19 300.88 300.85  430.03 430.04 
1Vitamin and mineral mixture kg-1 of mixture contains: 4800 I.U. Vit A, 2400 IU cholecalciferol (vit. D), 40 g Vit E, 8 g Vit K, 4.0 g Vit B12, 4.0 g Vit B2, 6 g Vit B6, 
4.0 g, Pantothenic acid, 8.0 g Nicotinic acid, 400 mg Folic acid, 20 mg Biotin, 200 gm Choline, 4 g Copper, 0.4 g Iodine, 12 g Iron, 22 g Manganese, 22 g Zinc, 0.04 g 
Selenium. folic acid, 1.2 mg; niacin, 12 mg; d-calcium pantothenate, 26 mg; pyridoxine. HCl, 6 mg; riboflavin, 7.2 mg; thiamin. HCl, 1.2 mg; sodium chloride (NaCl, 
39% Na, 61% Cl), 3077 mg; ferrous sulfate (FeSO4.7H2O, 20% Fe), 65mg; manganese sulfate (MnSO4, 36% Mn), 89 mg; zinc sulfate (ZnSO4.7H2O, 40% Zn), 150 
mg; copper sulfate (CuSO4.5H2O, 25% Cu), 28 mg; potassium iodide (KI, 24% K, 76% I), 2NFE (Nitrogen free extract) =100-(crude protein + lipid + ash +fiber 
content). 3Gross energy calculated using gross calorific values of 23.63, 39.52 and 17.15 kJ g-1 for protein, fat and carbohydrate, respectively according to Brett (1973). 
¶CSM1 = (FM:CSM, 2:1) ; †CSM2 = (FM:CSM, 1:1) ; ‡CSM3 =  (FM:CSM, 1:2)
Table 2 Hydrolyzed amino acids composition of experimental diets (%) 
Essential amino acid 
Experimental diets 
Requirements of tilapia# 
CSM1 CSM2 CSM3 
Arginine 2.12 2.02 1.96 1.18 
Histidine  0.87 0.88 0.84 0.48 
Lysine 2.11 1.95 1.78 1.43 
Methionine 1.24 1.23 1.19 0.75 
Leucine 2.42 2.44 2.35 0.87 
Isoleucine 1.12 1.02 0.96 0.87 
Threonine 1.59 1.54 1.52 1.05 
Phenylalanine 1.49 1.53 1.51 1.05 
Valine 1.53 1.51 1.45 0.78 






















Table 3 List of real time qPCR assays used in this experiment 














F: Forward primer 






















Table 4 mino acid hydrolyzed by the exogenous protease addition and the rRelative protease 
activity in the experimental diets CSM1, CSM2 and CSM3 (Means ± SD; n = 4)   
 Experimental diets 
 CSM1 (FM: CSM; 2:1) CSM2 (FM: CSM; 1:1) CSM3 (FM: CSM; 1:2) 
Without protease (mg mL-1) 15.92±0.51 14.86±0.56 13.78±0.32 
With protease (mg mL-1)  21.13±0.38 18.89±0.68 17.46±0.49 
Difference (mg mL-1) 5.21±0.35 4.12±0.18b 3.86±0.24 
Relative activity of protease† % 70.45±3.19 68.03±2.54 67.99±3.69 
  
Table 5 Growth response and feed utilization of Nile tilapia fed experimental diets for 84 days 
FM:CSM ratios  Protease U kg-1 
Growth performance   Feed utilization 
IBW1 (g fish-1) WG2 (g fish-1)   FI 3 (g fish-1) FCR4 PER5
Individual treatment means†     
CSM1 (2:1) 0 11.54 29.92c   40.92 1.37a 2.43b 
CSM1 (2:1) 2500 11.62 34.56a   41.92 1.21b 2.75a 
CSM2 (1:1) 0 11.63 27.58d   38.72 1.41a 2.38c 
CSM2 (1:1) 2500 11.67 33.23a   41.12 1.25b 2.69a 
CSM3 (1:2) 0 11.96 26.96d   39.05 1.45a 2.30c 
CSM3 (1:2) 2500 11.50 31.45b   40.61 1.29b 2.58a 
Pooled S.E.M¶  0.02 1.18   0.99 0.063 0.123 
Two-way ANOVA (p-value)     
FM: CSM 0.968 0.045   0.288 0.045 0.042 
Protease 0.874 0.004   0.097 0.011 0.025 
FM: CSM × Protease 0.961 0.041   0.790 0.032 0.021 
†Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test 
was conducted for individual means only if there was a significant interaction (ANOVA: P < 0.05). Pooled 
S.E.M¶ = pooled standard error of the mean. Means followed by the same letter are not significantly 
different.  
IBW1 = initial body weightWG2 = weight gain; FI3 = feed intake g-1fish; FCR4 = feed conversion ratio; 
PER5 = protein efficiency ratio. 
Table 6 Apparent digestibility coefficient (%) of Nile tilapia fed experimental diets for 84 days 
FM:CSM ratios  
Protease U kg-
1 
Apparent digestibility coefficient (%) 
Dry matter Crude protein Crude lipid  Digestible energy 
Individual treatment means†     
CSM1 (2:1) 0 92.65c 88.40b 90.31b 84.62b 
CSM1 (2:1) 2500 94.25a 90.46a 91.75a 87.00a 
CSM2 (1:1) 0 93.50b 86.66c 90.17b 83.20b 
CSM2 (1:1) 2500 94.20a 89.55a 92.05a 86.50a 
CSM3 (1:2) 0 93.45b 85.35c  89.57c 83.65b 
CSM3 (1:2) 2500 93.22b 88.40b 90.16b 86.18a 
Pooled S.E.M¶  0.113 0.493 0.556 0.749 
Two-way ANOVA (p-value)     
FM: CSM  0.022 0.006 0.412 0.425 
Protease  0.069 0.002 0.012 0.021 
FM: CSM × Protease 0.001 0.017 0.021 0.013 
†Treatments means represent the average values of three aquaria per treatment. Duncan multiple range 
test was conducted for individual means only if there was a significant interaction (ANOVA: P < 0.05). 















Table 7 Apparent availability coefficients (%) of essential amino acids in experimental diets for Nile tilapia	 
Variables  Protease U kg-1 
Apparent availability coefficient (%)      
Arginine Histidine Lysine Methionine Leucine Isoleucine Threonine Phenylalanine Valin 
Individual treatment means†         
CSM1 (2:1) 
0 96.65b 86.23b 87.52b 86.23b 94.15b 93.63b 86.17b 96.65b 86.22b 
CSM1 (2:1) 
2500 98.05a 88.15a 90.16a 93.14a 97.09a 97.60a 89.35a 98.05a 88.55a 
CSM2 (1:1) 
0 95.53c 84.13c 81.25c 84.29c 93.53c 92.82c 84.43c 95.53c 85.43c 
CSM2 (1:1) 
2500 97.15a 88.65a 89.97a 88.50a 96.21a 96.87a 87.51a 97.15a 87.11a 
CSM3 (1:2) 
0 94.15c 83.17c 79.57c 83.01c 92.35c 89.47c 84.25c 94.15c 83.15c 
CSM3 (1:2) 
2500 96.32b 86.40b 86.32b 85.18b 95.82b 93.33b 84.99c 96.32b 85.33c 
Pooled S.E.M¶ 0.683 0.963 0.96 0.921 0.988 0.963 0.978 0.890 0.992 
Two-way ANOVA (p-value)         
FM: CSM 
 0.001 0.006 0.011 0.011 0.006 0.001 0.035 0.001 0.001 
Protease  0.012 0.002 0.018 0.032 0.032 0.001 0.001 0.014 0.011 
FM: CSM × Protease 0.032 0.017 0.031 0.014 0.002 0.013 0.021 0.001 0.002 
†Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test was conducted for individual means only if there was a significant 
interaction (ANOVA: P < 0.05). Pooled S.E.M¶ = pooled standard error of the mean. Means followed by the same letter are not significantly different 
Table 8 Proximate composition (g kg-1 dry matter) of Nile tilapia fed diet fed experimental diets for 84 days 
FM:CSM ratios Protease U kg-1 Dry matter Crude protein Total lipid Ash 
Individual treatment means†    
CSM1 (2:1) 0 272.60 153.10a 51.60 38.50 
CSM1 (2:1) 2500 261.30 146.70a 49.40 39.10 
CSM2 (1:1) 0 251.20 138.90c 47.20 35.20 
CSM2 (1:1) 2500 256.70 141.30b 51.10 35.70 
CSM3 (1:2) 0 255.00 142.30b 52.80 33.50 
CSM3 (1:2) 2500 259.10 142.50b 49.55 35.40 
Pooled S.E.M¶  0.960 0.250 0.570 0.460 
Two-way ANOVA (p-value)    
FM: CSM  0.563 0.011 0.231 0.113 
Protease  0.121 0.035 0.657 0.322 
FM: CSM × Protease 0.425 0.035 0.092 0.123 
†Treatments means represent the average values of three aquaria per treatment. Duncan multiple range 
test was conducted for individual means only if there was a significant interaction (ANOVA: P < 0.05). 





















Table 9 Hematological parameters, differential red blood and white blood cells of Nile tilapia fed the 
experimental diets for 84 days. 
FM:CSM ratios Protease U kg-1 Hemoglobin (g l-1) Hematocrit (%) RBCs (×106 mm-3) WBCs (×105 mm-3) 
Individual treatment means†    
CSM1 (2:1) 0 16.25a 24.50b 1.75c 36.80  
CSM1 (2:1) 2500 16.80a 25.95a 2.15a  37.60   
CSM2 (1:1) 0 15.75b 21.95c 1.80b 36.25  
CSM2 (1:1) 2500 16.70a 27.05a 2.04a 37.00  
CSM3 (1:2) 0 13.50c 23.35c 1.84b 36.95  
CSM3 (1:2) 2500 15.95b 24.80b 2.03a 35.75  
Pooled S.E.M¶ 0.534 0.515 0.051 0.920 
Two-way ANOVA (p-value)    
FM: CSM  0.041 0.425 0.042 0.781 
Protease  0.021 0.025 0.032 0.051 
FM: CSM × Protease 0.026 0.041 0.049 0.072 
†Treatments means represent the average values of three aquaria per treatment. Duncan multiple range 
test was conducted for individual means only if there was a significant interaction (ANOVA: P < 0.05). 









Table 10 Blood chemistry parameters of Nile tilapia fed the experimental diets for 84 days. 
FM:CSM ratios Protease U kg-1 ALT (u l-1)# AST (u l-1)† Total protein (g dl-1) Albumin (g dl-1) Globulin (g dl-1) Calcium (mg dl-1) Phosphorus (mg dl-1) 
Individual treatment means†       
CSM1 (2:1) 0 25.05a 14.80a 4.74b 1.91b 2.83 8.21b 4.2a 
CSM1 (2:1) 2500 21.80b 12.70b 5.03a 2.20a 2.83 9.50a 4.7a 
CSM2 (1:1) 0 25.30a 15.80a 4.69b 1.83c 2.86 7.20c 3.15b 
CSM2 (1:1) 2500 22.20b 12.75b 5.35a 2.94a 2.86 9.18a 4.25a 
CSM3 (1:2) 0 25.75a 17.80a 4.86b 1.90b 2.95 8.15b 2.85c 
CSM3 (1:2) 2500 21.85b 13.80b 4.73b 1.95b 2.78 9.01a 3.51b 
Pooled S.E.M¶ 0.604 0.491 0.062 0.048 0.421 0.121 0.031 
Two-way ANOVA (p-value)       
FM: CSM  0.0421 0.045 0.001 0.004 0.121 0.031 0.001 
Protease  0.001 0.001 0.003 0.001 0.321 0.022 0.012 
FM: CSM × Protease 0.021 0.031 0.042 0.002 0.221 0.001 0.001 
†Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test was conducted for individual means only if there was 
a significant interaction (ANOVA: P < 0.05). Pooled S.E.M¶ = pooled standard error of the mean Means followed by the same letter are not significantly 
different 
#ALT = Alanine aminotransferase; †AST = aspartate aminotransferase 
Table 11 Two-way ANOVA (P-values) results of experimental diets on growth 




FM: CSM Protease FM: CSM× Protease 
GH in brain 0.001 0.001 0.012 
GH in liver 0.012 0.011 0.021 
IGF-I in brain 0.001 0.001 0.001 
IGF-I in liver 0.001 0.014 0.011 
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